To cope with the rising volume of information in humancomputer interfaces, explicit and attentive interaction is more and more frequently replaced by implicit means of information exchange, supported by context-and activity-aware systems and applications. The trend of excessive information is, however, still ongoing, calling for further solutions to reduce a persons cognitive load or level of attention. Subliminal interaction techniques are considered a promising approach to deliver information to a person without causing much supplementary workload. This workshop aims at discussing the potential of subliminal perception to improve the information flow for human-computer interaction in the light of the fact that, up to now, the results have been mixed. One group of researchers has provided evidence that subliminal stimulation works, but the other has found that it does not, or even cannot, work. To clarify this issue, experts from various domains attending the workshop will discuss how subliminal effects can be scientifically supported or how a certain claim could be empirically refuted.
MOTIVATION AND CHALLENGES
There has been much debate around perception of subliminal cues, and their effect on human behavior, especially whether such an effect indeed exists or is only a false marketing myth (e.g., James Vicary, 1957 [4] ). The idea that awareness can influence cognition is not new -Peirce and Jastrow reported in 1884 that people can perceive small differences in pressure to the skin without conscious awareness of different sensations. Moreover, it is well known that certain subliminal cues can facilitate certain behaviors. For example, store chains spray fragrances with a subtle influence outside their stores to attract customers, background music in shopping malls is said to increase sales by subliminally stimulating shoppers.
Potential of Subliminal Stimuli
As the prevention of additional cognitive workload in humancomputer interfaces is a topic of increasing importance, new forms or modalities of interaction between humans and interfaces need to be explored. One promising approach is to use subliminal stimulation or the "injection" of information below aware perception; however, it is still an open question whether subliminal communication through non-conscious processing actually works. Recent empirical research suggests the assumption that subliminal interaction techniques improve human-computer interaction by reducing workload undertaken by sensory channels, but another group of experimental researchers has found that it does not, or even cannot, work.
(Cognitive) overload occurs when task difficulty exceeds resources available by a person -in this case task performance starts to decline. It should be pointed out that it would be almost impossible to determine the exact point where cognitive overload occurs or is detected. One possible reason for this is that a person tends to alter his or her task management, e.g., by delaying, excluding, or omitting certain elements. In addition, it is difficult to measure or prove the effectiveness of subliminal interaction. Researchers cannot directly ask participants about it because they do not know the process under their level of awareness. Even though the experiment results show different performance, it is hard to make sure whether the difference can be attributed to subliminal perception or not. Elementary questions such as the following need to be carefully taken under consideration in this field of research.
• How good is the mind at extracting meaning from stimuli of which one is not consciously aware? [7] • How can we measure the (positive or negative) effects of subliminal information cues? • How would something presented subliminally persuade a person if he or she did not consciously attend to it? (as it is generally accepted that such stimuli are weak and often presented at very low intensity [1] ).
BACKGROUND AND RELATED LITERATURE
Much research has been published in this domain in the past decades. There are two main streams of results: One group provided evidence that subliminal stimulation works (at least in specific, restricted settings), the other group found that it does not, or even cannot, work. Many psychological experiments have attempted to prove the existence of subliminal perceptual processes by demonstrating that stimuli are registered when subjects are not consciously aware of the stimuli [5] . The evidence offered in support of subliminal perception comes from a variety of experimental sources. For example, there is evidence that subliminally flashed pictures displaying emotionally positive or negative scenes affect the judgments of presumably neutral pictures of people [6] . Moreover, evidence exists that these subliminally presented emotional stimuli activate cortical areas that mediate emotional experience [9] . Thanks to the improvement of neuroimaging techniques, this type of validation could be more fruitful. Similar results can be found in the semantic meaning of the word. To illustrate, Fowler et al. performed a priming study in which words were flashed on a screen so rapidly that observers were not aware of what was presented. This was followed by above-threshold presentation of two words. When participants were asked to choose which of the two above-threshold words was most like the subliminally flashed word, they were significantly more likely to choose the related over the unrelated word.
The most crucial factor in the success of such studies is the method used for assessing whether the non-consciously experienced stimulus is indeed unconsciously perceived. A facility to distinguish between consciously and non-consciously perceived information has been demonstrated in several experiments focusing on the type of reaction. Studies found that consciously perceived stimuli allow subjects to follow instructions, whereas unconsciously perceived stimuli lead to much more automatic reactions [2] . Furthermore, it was particularized that conscious perception of a stimulus is constrained by its context but that unconscious perception of the same stimulus leads to automatic reactions that are relatively unconstrained by the context. Regarding the relations between automaticity and the level of attention, similar theories can be found in vision and audition. These pre-attentive processes principles could be, for example, applied to display design in HCI [3] .
Merikle and Daneman reviewed the history of unconscious perception from a psychological point of view [5] and summarized the status of experimental research in this area of investigation. They concluded that "[..] unconscious perception has been shown to have a firm empirical basis, future experimental studies can concentrate on exploring other characteristics of unconscious perception". As one potential challenge they specified is to establish whether or not individuals differ in their sensitivity to the effects of unconsciously perceived information -this is an issue to be discussed at this workshop.
WORKSHOP GOALS
In order to resolve this controversy, it would be a great opportunity to discuss with experts in the field how they have tested subliminal interaction, and to what conclusions they have come. A possible result of the workshop would be a general statement whether or not subliminal techniques can be used to deliver information to the user without adding workload, or in what specific constellation, setting, channels, etc. the approach works. In our previous workshop [8] , we discussed why we need to use subliminal perception with a focus on the in-vehicle context and participants created brand new projects based on subliminal perception in cars. At this workshop, we would extend its application context into more broad ubiquitous computing environments as well as to intelligent, adaptive ("smart") interfaces.
The expected findings and outcomes of the workshop should push research and discussions in the field of subliminal perception forward. The main goals of the workshop are 1) to build up a research community discussing the topic in a broader scope, 2) to explore methodologies for research on subliminal perception and integration into UbiComp environments, and -related to ethics and the impact of subliminal cues on human behavior-3) to highlight and discuss ethics of research and application of subliminality.
